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Fig. 5. Video PLR versus channel SNR for one and four slots per TDMA
frame, and for one, two, and ten turbo equalizer iterations over the channel of
Fig. 2 using convolutional coding.
Fig. 6. Video quality in PSNR (decibels) versus channel SNR for one and
four slots per TDMA frame, and for one, two, and ten iterations of the turbo
equalizer upon using the highly motion active “Carphone” video sequence over
the channel of Fig. 2 using convolutional coding.
SNR versus channel SNR performance, demonstrating that an
improved video quality can be maintained at lower SNRs, as
the number of iterations increases. Additionally, the higher bit
rateofthefour-slotsystemcorrespondstoahigheroverallvideo
quality. Explicitly, up to 6-dB SNR gain can be achieved after
ten turbo equalization iterations, as seen in Fig. 6, while main-
taining a given PSNR.
Fig. 6 characterized the performance for the highly mo-
tion-active “Carphone” sequence. However, the performance
improvements are similar for the low-activity “Miss America”
video sequence, as seen in Fig. 7. Observe that the lower
activity “Miss America” video sequence is represented at a
higher video quality at the same video bit rate. A deeper insight
into the achievable video quality improvement in conjunction
with turbo equalization can be provided by plotting the video
quality measured in PSNR (decibels) versus time, as seen
in Fig. 8, for the “Miss America” video sequence using the
Fig. 7. Video quality in PSNR (decibels) versus channel SNR for one and four
slotsperTDMAframe,andforone,two,andtenturboequalizeriterations,using
thelow-activity“MissAmerica”videosequenceoverthechannelofFig.2using
convolutional coding.
Fig. 8. Video quality in PSNR (decibels) versus time using four slots per
TDMA frame, and for one, two, and ten iterations of the turbo equalizer for the
low-activity “Miss America” video sequence using convolutional coding.
TABLE III
MINIMUM REQUIRED OPERATING CHANNEL SNR FOR THE QCIF CARPHONE
SEQUENCE OVER THE CHANNEL OF FIG.2
four-slot system at a channel SNR of 6 dB for one, two, and ten
iterations of the turbo equalizer.
Specifically, the bottom trace of the figure shows how the
videoqualityvariesintheone-iterationscenario,whichisequiv-
alent to conventional equalization. The sudden reductions in
video quality are caused by packet-loss events, which result in
parts of the picture being “frozen” for one or possibly several914 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 12, NO. 10, OCTOBER 2002
Fig. 10. CDF of the “in-packet” BER at a channel SNR of 2 dB over the
channel of Fig. 2, and for various number of iterations for the turbo-equalized
one- and four-slot systems using convolutional coding.
the PLR. However, the packets having a high proportion of bit
errors cannot be rendered error-free by turbo equalization.
In order to allow a fair comparison between the one- and
four-slot system, we normalized the number of bit errors per
packet to the video packet size, hence producing the CDF of
“in-packet” BER. Fig. 10 shows the CDF of the “in-packet”
BER for a channel SNR of 2 dB and for one, two, five, and ten
iterations, for both the one- and four-slot systems. It should be
noted that the value of the CDF for an “in-packet” BER of zero
is the probability thata packet is error-free, and hence can be in-
terpreted as the packet success ratio (PSR). The PLR is equal to
one minus the PSR. For example, the four-slot system in Fig. 10
at one iteration has a PSR of 0.22, which corresponds to a PLR
of 78%.
Both the one- and four-slot system increase the PSR as
the number of iterations increases. For example, the four-slot
system increases the PSR from 22% to 92%, as the number of
iterations is increased from one to ten. This corresponds to a
reduction in the PLR from 78% to 8%. However, the CDF of
“in-packet” BER can provide further insight into the system’s
operation. It can be seen in Fig. 10 that the turbo equalizer
iterations reduce the number of packets having “in-packet”
BERs of less than 30%. However, the probability of a packet
having an “in-packet” BER higher than 35% is hardly affected
by the number of iterations, since the number of bit errors
is excessive, hence overwhelming even the powerful turbo
equalization.
By referring to Figs. 4 and 5, it can be seen that the four-slot
system always has a lower BER, than the one-slot system, al-
though at low SNRs the PLR is higher for the four-slot system.
The CDF in Fig. 10 can assist in interpreting this further. Ex-
plicitly, the CDF shows that the PSR improves more signifi-
cantly for the four-slot system, than for the one-slot system, as
the number of iterations increases. This is because the four-slot
system allows the employment of a longer interleaver, thereby
improving the efficiency of the turbo equalizer. However, the
CDF also underlines a reason for the lower BER of the four-slot
system across the whole range of SNRs, demonstrating that the
(a)
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Fig. 11. CDF of “in-packet” BER performance over the channel of Fig. 2 for
the turbo-equalized (a) one- and (b) four-slot system for channel SNRs of 0, 2,
and 4 dB invoking one and ten iterations using convolutional coding.
probability of packets having a high “in-packet” BER is lower
forthefour-slotsystem.Sincepacketshavingahigh“in-packet”
BER have a graver effect on the overall BER than those packets
having a low “in-packet” BER, this explains the inferior overall
BER performance of the one-slot system.
Fig. 11 shows the CDF of “in-packet” BER for conventional
equalizationandwiththeaidoftenturboequalizeriterationsfor
0-, 2-, and 4-dB channel SNRs. Fig. 11(a) represents a one-slot
system, while Fig. 11(b) represents a four-slot system. The fig-
ures also show the PLR performance improvement with the aid
of turbo equalization.
V. SUMMARY AND CONCLUSIONS
The performance of turbo-equalized GSM/GPRS-like video-
phone transceivers was studied over dispersive fading channels
asafunctionofthenumberofturboequalizationiterations.Iter-
ation gains in excess of 4 dB were attained, although the highest
per-iteration gain was achieved for iteration indices below five.
As expected, the longer the associated interleaver, the better
the BER and PLR performance. In Fig. 8, it was observed that
the turbo-equalized system was capable of reducing the number
of erroneous packets, compared to the conventional nonitera-
tive equalization and decoding scheme. Furthermore, Table III